. Failure to achieve acceptable expression often arises from toxicity of the foreign protein or its inabilSummary ity to fold or be targeted properly in the bacterial cell. Such problems inevitably result in low levels of expresThe expression of mammalian proteins in sufficient sion or protein misfolding (Baneyx, 1999; Makrides, abundance and quality for structural studies often pre-1999; Geisse et al., 1996). Thus, despite drawbacks in sents formidable challenges. Many express poorly in efficiency, alternative expression systems based on bacterial systems, whereas it can be time consuming eukaryotic hosts have been developed for large-scale and expensive to produce them from cells of higher protein production. These include expression in yeast, organisms. Here we describe a procedure for the diinsect cells, and mammalian cells, all of which have been rect selection of stable mammalian cell lines that exused successfully in producing proteins for structure press proteins of interest in high yield. Coexpression determination. of a marker protein, such as green fluorescent protein, Expression of mammalian proteins has proven to be is linked to that of the desired protein through an interparticularly challenging in bacterial systems. The sucnal ribosome entry site in the vector that is transfected cess rate has been better in heterologous eukaryotic into cells in culture. The coexpressed marker is used cell systems, such as yeast, baculovirus-infected insect to select for highly expressing clonal cell lines. Applicells, and stably transformed insect cells, but optimal cations are described to a membrane protein, the expression of some mammalian proteins may require 5HT2c serotonin receptor, and to a secreted cysteinemammalian host cells. These proteins evolved in a rich protein, resistin. Besides providing an expeditious mammalian cellular milieu, and it is understandable that means for producing mammalian proteins for strucboth proper folding and stability may depend on this tural work, the resulting cell lines also readily support environment. Unique properties of the mammalian cell tests of functional properties and structure-inspired environment that may facilitate homologous expression hypotheses.
Figure 1. Schematic Representation of the GFP-Selection Mammalian Expression System
(A) The expression vector pFM-1.1. The protein of interest is placed downstream from the strong constitutive CMV promoter. Following the termination codon of the protein of interest is an internal ribosome entry site (IRES) that enables translation of GFP to be initiated from an internal site of the bicistronic mRNA transcript. This enables production of two separate proteins: GFP and the protein of interest. Similar vectors are now commercially available (for example, pIRES-GFP from Clontech, Inc.). pFM-1.2 differs from pFM-1.1 in that it contains an antibiotic resistance gene for puromycin under control of a separate promoter. The pFM vectors are based on a pBluescript parent vector, which was modified by the insertion of the CMV promoter region, followed by a multiple cloning site, and an IRES-GFP segment which included a appropriate poly-A tail. (B) Enrichment procedure. A highly expressing cell line is developed by repeated rounds of cell sorting, selecting for the highest levels of GFP-derived fluorescence. Since both GFP and the protein of interest are expressed from the same mRNA, GFP fluorescence provides a useful surrogate correlated to levels of the protein of interest. (C) Progression of the enrichment process monitored by fluorescence microscopy. The cells depicted here express the serotonin receptor 5HT2 C . Three stages are shown: after antibiotic selection, after the first FACS cycle, and after the final one. amounts of material rapidly at a reasonable cost. When the selection of those single cells that achieve the highest expression levels. this is achieved, however, advantages ensue both for the structural work and also for functional tests of structureHere we describe a system for the selection of highly expressing stable mammalian cells, based on detection inspired hypotheses.
Production of recombinant protein in mammalian cells of the fluorescence intensity of a coexpressed marker, the green fluorescent protein (GFP) (Tsien, 1998; Chalfie, can be accomplished either through viral infection, transient transfection, or integration of expression con-1995). In this system, the coding sequence for the gene of interest is placed under the control of a strong constistructs into the host genome. Each of these methods has advantages and disadvantages. richment protocol similar to that described above was employed. Since resistin is a secreted protein, cell suunlike other GPCRs, is present at high levels in rod cell outer segments where it is naturally expressed. The pernatants were used to monitor protein production levels. Similar to 5HT2c, these levels appear to correlate crystal structure of rhodopsin was determined using material purified from natural sources, rather than with well with the fluorescence of the cells (Figure 3) . Yields on the order of 5 mg/liter were routinely obtained using a recombinant expression system. The second target, mouse resistin, is a highly disulserum-free media that facilitated purification. Like natural resistin produced by adipocytes and detected in fide-linked hormone that is naturally secreted from adipocytes ( 
